(1) Suggestion: Reanalyse with 10-min data. We have done this and provide now a comparison of 1-hr and 10-min results, with a focus on the more accurate 10-min results and comparing the results. The effect of the resolution on the results is in the direction reported by previous studies, i.e. higher scaling slopes are found for higher resolutions. Indeed as one referee points out, the effect of 10-min resolution on mean event intensity is only through a more accurate definition of the true event duration, thereby affecting short events, while the effect on peak 10-min intensity is greater because at this resolution bursts of high intensity during an event can be captured. We address these issues now in the revised manuscript in the Section 3.2 Effect of storm type mixing.
(2) Suggestion: Add figures with fitting. We have done this step and present now a new Figure 3 where the fitting for both quantile regression QR and temperature binning TB methods for one example station are shown (see also answer to question 5). We have also added a new Figure 1 which provides a revised map of all the stations used in our analysis, divided into four geo-climatic regions.
(3) Suggestion: The analysis on other variables than temperature should be clarified or removed. With the new 10-min results and the question of J. Loriaux to our HESS Discussion paper on the effect of mixing event types, we have expanded the discussion of the paper in this direction, i.e. analyzing the details of the intensity-temperature scaling rates for stratiform and convective subsets. Because of this new added focus we think the original analysis with atmospheric variables from radio-sounding data is not adding new information and in fact distracting from the main message. We have decided to remove this section from the revised paper.
(4) Suggestion: Application of the presented methodology to the dataset used by Lenderink and van Meijgaard (2009) . Our methodology cannot easily be applied to the De Bilt dataset without apriori knowledge of storm type, or lightning data used to separate convective from stratiform rain, as we have done. We do not have access to such data for the Netherlands, and it would be better that the KNMI scientists conduct this analysis should they see it as being important. Furthermore, the station in De Bilt is close to the sea and we think from the climatic point of view, not really comparable with our dataset for 59 stations in Switzerland. We think that adding another station from a different part of Europe to our paper would not really add more clarity. In the revised manuscript we now clearly show the magnification of slopes that comes from storm type mixing at the Swiss stations. This is a conceptually a possible explanation of the high 2CC scaling rates at De Bilt as well.
(5) Suggestion: Use of other methods for assessing the scaling coefficients (such as quantile regression). We have adopted this suggestion and in the revised manuscript now report and compare results for both quantile regression (QR) and the traditional temperature binning (TB) methods. In the revised paper we present mostly the QR results, but a comparison between the estimation methods is also presented in a new The results are clearly showing the inflation effect by mixing and are now presented as scatter-plots in new Figures 4 and 5 in our revised manuscript. We have also addressed this issue in depth in our response in the Discussion phase. We think this information and the discussion thereof in the revised manuscript answers the question of J. Loriaux.
Additional major changes to the manuscript in the revision were (7) In light of the stronger focus on storm type mixing we have decided to slightly change the title of the paper from "Little evidence of..." to "Storm type effects on the scaling of heavy rainfall event intensities with air temperature". Since Section 3.3 with the radio-sounding data was removed, we also removed the two student co-authors who performed that part of the analysis, and placed them in the acknowledgement list.
(8) Because of the re-computation with the 10-min data, we decided to expand the station dataset from 50 to 59 stations. Out of the original dataset of Gaal et al. (2014) we removed only three stations at highest elevations because the lightning data are not reliable there -the fraction of lightning strikes in the vicinity of the stations are too high and this gives us an unbalanced nolightning-lightning subset division. Apart from these three stations we chose not to remove any additional stations, even if their scaling slopes were outliers. In fact we point to and discuss the main outlier in the text in Section 3.3 Regional variability.
(9) We added altogether 5 new figures to the revised manuscript, updated the reference list, and substantially rewrote Section 1 Introduction and the entire Section 3 Results and Discussion. We also updated the Conclusions to reflect better the main focus of the paper-which is a demonstration of the effect of storm type mixing on the rainfall intensity-temperature scaling rates and their spatial variability in an orographically and climatologically complex region. rates ::: are ::::::::: 6.9%
• C −1 (convective events ) exhibit significantly higher rates of increase than stratiform rain :::::::::: no-lightning :::::: events), :::::::::: 9.3%
• C convective ::::: rain. The large spatial variability in scaling rates across Switzerland suggests that both local (orographic) and regional effects limit moisture availability and supply ::::: supply
Introduction
The rise in the water vapor holding capacity of the air at roughly 
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In this article we add empirical evidence to the picture of variability in scaling slopes between intense rainstorm properties and air temperature from observations of hourly precipitation and temperature at 50 : at :::::: 10-min :::: and ::: 1-hr As supporting data we also used atmospheric radio-soundings by weather balloon at midday (12:00 UTC) from the Payerne station in western Switzerland
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where we extracted convective available potential energy (CAPE), convective inhibition (CIN), an integrated estimate of the precipitable water in the air column (PW) and upper air temperature at 500 hPa (TAIR) for each sounding on a rainy day for the period 1982-2011. These data were used 200 to check for correlations with precipitation measured on the ground in the vicinity of the station.
Selection of Rainfall Events
Our main unit of analysis in this study is the rainfall event. We defined independent storms with a fixed inter-arrival time 205 t i = 3 hrs following the work of ? . This separation time is a balance between statistical considerations of dependence between events (e.g. ??) and the need to limit intra-event gaps and ensure that extreme hourly intensities are indeed related to the actual event itself and mean event intensity is 210 not biased (e.g. ?) . Type I error) . This decision is based on the argument that we want to minimize (not remove) the cases where high rain intensities are observed without lightning strikes in the vicinity of a raingauge in our convective subset. In this paper we use a misclassification rate α = 15%. no-lightning :::::: subset :: is ::: 6.5%
• C −1 , respectively) , and rates are even smaller for stratiform (no lightning ) events (2.9 and 1.1%
• C −1 , respectively).
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It follows that, not surprisingly, when the mean intensities of all eventsare analyzed together, ::::: which :: is ::::: close ::: to : the assumption of fully saturated air contributing to precipitation formation is violated and the rates of increase are generally much below the CC rate(at 94% of the stations) even for 470 the events with the highest convectivity index β > 0.8 (at 73% of the stations). For extreme events represented by the 90th percentile , the air saturation assumption may be less limiting and the rates are higher, but on the average still around the CC rate, 41% of the stations had rates lower greater ::: than ::: the :::: CC ::: rate, ::::: while : for all events and 55% for the events with β > 0.8 (Fig. 2) . When even higher percentiles were analyzed, the proportion of scaling rates higher than CC increased, but super-CC rates were exceeded for the 480 99th percentile only 6% of the time for all events and 18% in the evens with the highest convectivity . Overall, this supports the fact that super-CC rates are rare even :: the with : a :::::: higher :::::::: variability :::::::: between :::::: stations ::: in ::: the ::: TB :::::: method (Fig. 3) . We argue that this is because for extreme storms, the mean event intensity better reflects the water vapor content of the atmosphere leading to precipitation including the 515 supply of moisture than ::: 7). :::: Any ::::::::: differences ::::::: between ::: the ::: QR (Fig. : 9) . Stations in the mountain valleys (e.g.
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Davos, Zermatt) are typically moisture limited at a lower temperature ::::::::::: temperatures : which suggests that there could be an orographic shielding of inner Alpine valleys, with the moisture content of the warmer air being depleted before arriving to these valleys. These are sites where I m increases 580 with temperature much less than for the other stations (Fig.  4) .
Relation to Atmospheric Variables
The assumption of available moisture to saturate the air mass is key to the expectation that precipitation 585 intensity should scale with air temperature at (or close to) CC rates. It has been suggested that ground air temperature may not be a sufficient measure of moisture availability, or that more complex relations with temperature and humidity profile of the troposphere exist (??) . The question is if temperature higher up in the atmosphere or other atmospheric variables which capture properties of the vertical energy and humidity profile may be even better predictors of ground precipitation :::::: Similar :::::::: moisture The analysis of radio-sounding data and ground precipitation measured at Payerne (and stations in the immediate vicinity) showed that this is indeed not the case. Principle component analysis grouped the variables in 600 two major classes. Precipitable water (PW) and upper air temperature at 500 hPa (TAIR) together with temperature on the ground had the strongest explanatory power, while CAPE and CIN had a very weak relation to precipitation. Others have also found atmospheric variables such as CAPE 605 and CIN to be poor predictors of precipitation on the ground in different climates (e.g. ?????) . We found that ground air temperature was in fact the single best predictor of precipitation intensity for a range of quantiles followed by upper air temperature, which suggests that results gleaned 610 from previous studies using ground temperature are indeed robust.
Evidence of Change in Convective Events
The presented positive relations of precipitation intensity to ::::
with temperature across Switzerland, regardless of the actual 615 rate of increase, are suggesting that precipitation should exhibit some signal of change in a warming climate. Previous studies have found that precipitation (especially winter precipitation) and air temperature have increased in the last century in the wider European Alpine region and in Switzerland 620 (e.g. ???). However, changes in extreme rainfall from daily precipitation records have been rather small and spatially inconsistent (e.g. ??).
The Mann-Kendall trend test for (Fig. 6 ). In this analysis we used the full set of 62 stations and higher resolution 10-min rainfall data to identify storms and classify them following the study of (?) . these trends and their sensitivity to the methods of extracting convective storms will be explored in more detail in future research.
Conclusions
This study complements previous data-based investigations rainfall on an event basis is analyzed to find 660 evidence for CC (7% • C −1 ) or super-CC :::::: scaling rates. The novelty in our work compared to previous studies, with the exception of ? , is that we used storm event properties, rather than fixed time intervalsin our analysis, and we separated events into stratiform and convective sets based on light- consistently higher rates of increase with air temperature than stratiform rain ::::: events, but both storm types have lower rates than when all of the events are combined. Although individual scaling rates greater than 10%
• C −1 are observed for certain stations, super-CC rates in our dataset :::: Rates (3) The analysis of radio-sounding data and ground precipitation at Payerne showed that temperature measured at the ground was the single best predictor of precipitation intensity for a range of quantiles followed by integrated precipitable water and upper air temperature at 500 hPa. Variables capturing the energetic state of the atmosphere, such as CAPE and CIN, had very low predictive power. This suggests that results gleaned from previous studies using ground temperature are indeed robust.
(4) Changes in the number of convective events : as The shift towards more convective storms at higher temperatures may as a consequence lead to stronger rainstorms and therefore higher risk connected with those events :::::::::::
short-duration ::::::: extreme :::::: rainfall.
720
Overall, our main finding is that super-CC Mean daily relative humidity plotted against mean daily air temperature for wet (precipitation larger than 1 mm.day −1 ) and dry days at nine representative stations in the four regions in Fig. 4 . 
